INTRODUCTION
The aim of the work described in this paper, is to generate realistic infra-red (IR) images of sea clutter including sun glint, suitable for the testing of image analysis and detection algorithms. The accuracy of detection algorithms can only be determined by using a wide variety of test data representing di erent scene parameters such as sea state, sun angles and camera position. This type of data is extremely costly and di cult to obtain in practical trials. Synthetic generation of such scenes o ers the capability to generate suitable data sets at a fraction of the cost, whilst o ering precise control over the scene parameters. A model suitable for the generation of such data is developed and some results of synthetic IR scenes are presented.
The model presented in this paper consists of three parts, namely:
1. The generation of the sea surface, including animation of the wave motion. 2. The computer graphics required for the \view-ing" of the scene. 3. The computation of the IR radiance for each element of the scene.
SEA GENERATION
In the rst part, the problem is as follows. It is necessary to generate a realistic height map for the sea surface over a large area of sea (several square kilometers) at a resolution of 0.25m per pixel. In addition to this, it is necessary to be able to animate the sea surface between successive frames to give a realistic e ect of sea motion. This problem may be expressed concisely by \three m's":
1. Model -a model capable of describing the sea surface for a given wind speed and direction is required. 2. Memory -the requirement for several kilometers of sea with a resolution of 0.25m per pixel would require an prohibitive amount of information storage.
3. Motion -realistic animation of the sea waves is required.
The rst of these is addressed by using a model for sea height developed by Pierson and Moskowitz 1] which provides a representation of the power spectra for a given wind speed and direction. 
Generating large images
The problem of memory may be addressed by a property of the images generated from the Pierson-Moskowitz spectrum. These images are known as \toroidal images" since they may be joined top to bottom and left to right without a noticeable join. Hence these images may be tesselated to cover a larger area without any obvious joints.
We take the rows of the generated sea height image to be increasing from North to South, and the columns to be increasing from West to East. Following this system, our 3D coordinate system is de ned as x increasing Eastwards, z increasing Southwards and y being the height above sea-level all in metres. Hence the sea-height (y coord) in metres for a point on the sea-surface given by the coordinates (x; z) from an arbitrary origin, may be found by the following`C' code: Using this form, we may nd a height for any value of x and z coordinates, limited only to a resolution of pixel size. This situation neatly avoids the memory penalty of large images.
Wave animation
The problem of motion is addressed by processing the phase spectrum. The sea height map is produced from the inverse Fourier transform for the PiersonMoskowitz spectrum using white noise scaled in the range 0 to 2 for the phase spectrum. This process will generate a single frame. For a time sequence of images, although the rst image uses random phase, the subsequent images must have phase which is related in some manner to the previous image. Using a di erent random phase spectrum for each image in a sequence will lead to a set of uncorrelated images which do not follow a sequence of wave motion.
The image phase may be thought of as being in the range 0 to 2 for the rows, and 0 to 2 for the columns. If we change the phase linearly with frequency, we will merely achieve a panning e ect with the image being translated (with wrap around at the edges). If however, we vary the rate of change of the phase non-linearly with frequency, the di erent frequencies contained in the image will move at di erent rates across the image. This is analagous to the wave motion observed in a moving sea, where the smaller waves are seen to be \riding" on the larger waves. In the present implementation, the phase is modulated according to a power law distribution. The results obtained with this method are considered to be realistic simulations of observed sea motion.
VIEWING
The second part of the model is concerned with the viewing of the virtual scene. This is accomplished using 3-D computer graphics techniques. In this approach, camera parameters such as position, attitude, eld of view and resolution are required. This information is used to compute a \look" vector for each pixel in the camera image plane. The trajectory of this vector is followed for each pixel, to determine which part of the scene the pixel is viewing. This could either be the sky, for view angles above the horizon, or some part of the sea. For pixels oriented below the horizon, an algorithm is presented which computes the nearest \line-of-sight" facet of the sea waves. This enables the computation of the angle from the observer to the normal of this facet, the range from the observer to the facet, and whether the sun's disc is visible as a re ection in the facet, giving rise to glint. Sequences of images can be generated by programming a \ ight-path" of observer positions, and rendering the scene at each location on the ight path. When this type of motion is performed in conjunction with the modulation of the sea height map phase, the realistic e ect of a ight over the sea can be obtained.
RADIANCE CALCULATIONS
The nal part of the model is concerned with the computations of IR radiance associated with each pixel in the scene. The total IR radiance for a particular pixel (N Total ) is computed as the sum of a number of radiances, as follows: 5 The seeker transfer function
The frequency response or modulation transfer function (MTF), of the real IR sensor was measured. It was required to apply this transfer function to the generated image and then to add sensor noise. The lter response was designed as a 2D circular symmetric lter. The kernel response for a 7*7 kernel was designed which could then be applied by convolution of the radiance image with this kernel to produce the MTF processed image. The kernel design is very fast and very exible. The kernel design is obtained by performing a numerical integration of the Fourier transform assuming a real kernel only. The number of kernel components then decides how close to the actual response you are. For smooth responses, as is the case for the speci ed curves, a 7*7 kernel size is adequate.
After the scene has been ltered, two noise process are added. One of these is a xed pattern noise which is intended to represent the di erences between the sensitivities of the pixels in the IR seeker. This is represented by a white normal multiplicative noise of unit mean and a standard deviation determined by the measured noise in the actual seeker. A second white normal, zero mean additive noise is included to represent the e ects of thermal noise sources on the received image. Again the standard deviation of this noise is determined by measurement of an actual instrument.
RESULTS
A particular IR scene will be determined by a number of parameters which are related to the camera and the environment, these are: Camera 1. The (x; y; z) coordinates of the camera. Assuming that a sea-height image has been generated, the image generation procedure is depicted in the ow diagram of gure ??.
A moving sequence of images may be obtained by generating a single frame using the sequence depicted in gure ??, and adjusting the camera position and look vector and sea height image between successive frames. In this way, a movie may be generated incorporating the e ects of camera and wave motion. A single frame from such a movie is depicted in gure ??. This image represents a camera at 21 meters above the sea, with a range in azimuth and elevation of 0.128 radians, and a resolution of 0:5 10 ?3 radians in azimuth and resolution. The look down angle from the horizonal to the centre of the image is 0.04 radians, and the sun is positioned directly in front of the camera, at an elevation angle of 10 degrees. The sea state is determined by a wind of 15ms ?1 at 45 .
When the camera is xed in position and the sea is allowed to move between successive frames, the characteristic sparkle of glint moving quickly over the wave surface is observed. This is due to the change in the observer/normal angle for wave facets in the glint region making the sun's disc move in and out of sight of the camera image pixel.
CONCLUSIONS
This paper has presented a method for the generation of synthetic IR images of ocean scenes including glint. Care has been taken to ensure that the generated images are representative of real scenes, and that environmental parameters such as air and sea temperature, sea state and sun position can be included. Although the nal scene is for convenience and memory reasons, scaled to lie within the range of an 8-bit image, the actual computed radiances of the scenes are available to the user of the model. Simulations of moving sequences of images are shown to provide realistic motion e ects.
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